Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


mgK 


■V 


^Wc-V 


ec>  ^t  C> 


SXTPPriEXSENT    TO  "rrKE  EKiBCTRICAXi   EirOINESER,"  JUME]   SO,  1S91. 


THE 


ELECTRICAL  ENGINEER. 


A  WEEELT  JOMML  OF  ELEGTEIGAL  EHGilllEEBIIB. 


WITH  WHIOH  IS  INCORPORATED  ^'    .     .        ••       ^^^ 


•1* 


"  ELECTRIC     LIGHT." 


V-'- 

•        -* 


^^L--^  Ji^slU:"!--  '.-•'" 


•    < 


> 


•         •  ••  •  .  •  • 


:•:..•• 


•  ••  • ,  . 

•  ••. 


\     ••   •t- * 


VOXiTTDyCE  "^11.    CDsTiE] 


From  JANUARY  2,  1891,  to  JUNE  2G,  1891. 


VQA, 

LONDON: 

ri'lnted  and  PublulicU  for  the  Propriotora  by  Biaos  h  Ck).,  at  '*Ths  Electrical  Evqimxeb  "  Offices,  139-140,  Saliabuiy-ttourt. 

Fleet-street,  E.G. 


18 


THE  ELECTRICAL  ENGINEER,  JANUARY  2,  1891. 


middle  of  the  ooil.  In  a  tubuUr  ooil  3  oentimetret  in  diameter 
and  40  centimetres  long,  there  will  be  a  uniform  maf^etic  field  for 
about  32  centimetreii  alonff  the  middle  of  the  coil.  The  meaninpf 
of  this  is  that  the  value  of  the  magnetic  forces  down  the  axis  oif 
that  ooil  be^ipins  outside  the  mouth  of  the  tul>e,  increases,  rises  to  a 
certain  maximum  amount  a  little  within  the  mouth  of  the  tube,  and 
after  that  is  perfectly  constant  nearly  all  the  way  along  the  tube, 
and  then  falls  off  symmetrically  as  you  get  to  the  other  end.  The 
ordinates  drawn  to  the  curve  represent  the  forces  at  corresponding 
points  along  the  axis  of  the  tube,  and  may  be  taken  to  represent 
not  simply  the  magnetising  force,  but  the  pull  on  a  magnetic  pole 
at  the  end  of  an  indefinitely  long,  thin  steel  magnet  of  fixed 
strength. 


Suppose  a  long  iron  core  is  placed  on  the  axis  to  the  right,  and  that 
its  end  is  gradually  brought  up  toward  B.  When  it  arrives  at  X 
the  pull  becomes  sensible,  and  increases  at  first  rapidly,  as  the  core 
enters  the  month  of  the  tube,  then  gently,  as  the  core  travels 
along,  attaining  a  maximum,  C,  about  at  the  further  end.  A,  of 
the  tube.  When  it  approcu^hes  to  the  other  end.  A,  it  comes  to  the 
region  where  the  magnetimng  force  falls  off,  but  the  magnetism  is 
stul  going  on  increasing,  because  something  is  still  being  added  to 
total  magnetising  power,  and  these  two  effects  nearly  balance  one 
another,  so  that  the  pull  arrives  at  the  maximum.  This  is  the 
highest  point,  C,  on  the  curve  ;  the  greatest  pull  occurring  just  as 
the  eod  of  the  iron  core  arrives  at  the  bottom  or  far  endf  of  the 
tubular  ooil ;  from  which  point  there  is  a  very  rapid  falling  off. 


». f! 


Fio.  59.— Action  along  Axis  of  Single  CoiL 


The  rule  for  calculating  the  intensity  of  the  magnetic  force  at 
any  point  on  the  axis  of  the  long  tubular  coil  within  this  region 
where  the  force  is  uniform  is : 

H  =  — ir  X  the  ampere-turns  per  cm.  of  length. 

And,  as  the  total  magnetising  power  of  a  tubular  coil  is  propor- 
tional not  only  to  the  intensity  of  the  magnetic  force  at  any  point, 
but  also  to  the  length,  the  integral  magnetising  effect  on  a  piece  of 
iron  that  is  insert^  into  the  ecu  may  bs  taken  as  practically  equal 

to  -.  ir  X  the  total  number  of  ampere-turns  in  that  portion  of  the 

tubular  coil  which  surrounds  the  iron.  If  the  iron  protrudes  as 
much  as  three  diameters  at  both  ends,  the  total  magnetising  force 

A 

is  simply  — t  x  the  whole  number  of  ampere- turns. 

Now  that  case  is  of  course  not  the  one  we  are  usually  dealing 
with.  We  cannot  procure  steel  magnets  with  unalterable  poles  of 
fixed  strength.  Even  the  hardest  steel  magnet,  magnetised  so  as 
to  give  us  a  permanent  pole  near  or  at  the  end  of  it—quite  close 
up  to  the  end  of  it  when  you  put  it  into  a  magnetising  coil — becomes 
by  that  fact  further  magnetised.  Its  pole  becomes  strengthened  as 
it  is  drawn  in,  so  that  the  case  of  an  unalterable  pole  is  not  one 
which  can  actually  be  realised.  One  does  not  usually  work  with 
steel ;  one  works  with  soft-iron  plungers  which  are  not  magnetised 
at  all  when  at  a  distance  away,  out  become  magnetised  in  the  act 
of  being  placed  at  the  mouth  of  the  coil,  and  which  become  more 
highly  magnetised  the  further  they  go  in.  They  tend,  indeed,  to 
settle  down,  with  the  ends  protruding  equally,  for  that  is  the 
position  where  they  most  nearly  complete  the  magnetic  circuit ; 
where,  therefore,  they  are  most  completely  and  highly  magnetised. 
Accordingly,  we  have  this  fact  to  deal  with,  that  whatever  may  be 
the  magnetising  forces  all  along  a  tube,  the  magnetism  of  the 
entering  core  wul  increase  as  ib  goes  on.  We  must  therefore  have 
recourse  to  the  following  procedure.  We  will  construct  a  curve  in 
which  we  will  plot  not  simply  the  magnetising  forces  of  the  spiral 
at  different  points,  but  the  product  of  the  magnetising  forces  into 
the  magnetism  of  the  core  which  itself  increases  as  the  core  moves 
in.     The  curve  with  a  flat  top  to  it  corresponds  to  an  ideal  case  of 


The  question  of  rapidity  of  descent  from  that  point  depends  only 
on  how  long  the  core  is.  If  the  core  is  a  very  long  one,  so  that  its 
other  pole  is  still  very  far  away,  you  have  a  long,  slow  descent 
going  on  over  some  three  diameters,  and  gradually  vanishing. 
If,  however,  the  other  pole  is  coming  up  within  measurable 
distance  of  B,  then  the  curve  will  come  down  more  rapidly  to 
a  definite  point,  Xi.  To  take  a  simple  case  where  the  iron  core  is 
twice  as  long  as  the  coil,  its  curve  will  descend  in  pretty  nearly  a 
straight  line  down  to  a  point  such  that  the  ends  of  the  iron  rod 
stand  out  equally  from  the  ends  of  the  tube. 


Fig.  61.— Diagram  of  Force  and  Work  of  Coil  and  Plunger. 

Precisely  similar  effects  will  occur  in  all  other  cases  where  the 
plunger  is  considerably  longer  than  (at  least  twice  as  long  as)  the 
coil  surrounding  it.  If  you  take  a  different  case,  however,  you  will 
get  another  eftect.  Take  the  case  of  a  plunger  of  the  same  length 
as  the  coil,  then  this  is  what  necessarily  happens.  At  first  the 
effects  are  much  the  same,  but  as  soon  as  the  core  has  entered  about 
half,  or  a  little  more  than  half  its  length,  you  becrin  to  have  the 
action  of  the  other  pole  that  is  left  protruding  outside  tending  to 


Fio.  60.— Action  of  Tubular  Coil. 


a  single  pole  of  constant  strength.     We  wish  to  pass  from  this  to 

a  curve  which  shall  represent  a  real  case,  with  an  iron  core.     Let 

us  still  suppose  that  we  are  using  a  very  long  core,  one  so  long  that 

when  the  front  pole  has  entered  the  coil  the  other  end  is  still  a 

long  way  off.     W ith  an  iron  core  of  course  it  dep>ends  on  the  size 

and  quality  of  the  iron  as  to  how  much  magnetism  you  get  for  a 

given  amount  of  magnetising  power.     When  the  core  has  entered 

up  to  a  certain  point,  you  have  all  the  magnetising  forces  up  to 

toat  point  acting  on  it ;  it  acquires  a  certain  amount  of  magnetism, 

•0  that  the  pull  will  necessarily  go  on  increasing,  and  increasing 

ftlthougb  the  intensity  of  the  magnetic  force  from  point  to  point 

'^ng  toe  axis  of  the  coil  remains  the  same,  until  witnin  about  two 

meters  from  the  far  end.    Although  the  magnetic  force  inside 

I  lotkf  spiral  remains  the  same,  b^^iuse  the  magnetism  of  the 

.•  it  increasing,  the  pull  goes  on  increasin;^  and  increasing  (if  the 

■11  does  not  get  saturated)  at  an  almost  uniform  rate  all  tne  way 

^^  the  p&oe  of  iron  has  been  poked  pretty  nearly  through  to 

end.    In  Fig.  61,  a  tubular  coil,  B  A,  is  represented. 


pull  the  plunger  bskck,  and  although  thd  magnetising  force  goes  on 
increasing  the  further  the  plunger  enters,  the  repulsion  exerted  bv 
the  coil  on  the  other  pole  of  the  plunger  keeps  increasing  still 
faster  as  this  end  nears  the  mouth  of  the  coil.  In  that  case  the 
maximum  will  occur  at  a  point  a  little  further  than  half  way  along 
the  coil,  and  from  that  point  the  curve  will  descend  and  so  to  zero 
at  A  ;  that  is  to  say,  there  will  be  no  pull  when  both  ends  of  the 
plunger  coincide  with  the  two  ends  of  the  coil.  If  you  take  a 
plunger  that  is  a  little  shorter  than  the  coil,  then  you  find  that  the 
attraction  comes  down  to  zero  at  an  earlier  period  still.  The 
maximum  pull  occurs  earlier,  and  so  does  the  reduction  of  the  pull 
to  zero,  there  being  no  action  at  all  upon  the  short  core  when  it 
lies  wholly  within  that  region  of  the  tube  within  which  the  intensity 
of  the  magnetic  force  is  uniform.  That  is  to  say,  for  any  portion 
of  this  tube  corresponding  to  the  fiat  top  of  the  curve  of  Fig.  60 
if  the  plunger  of  iron  is  so  short  as  to  lie  wholly  within  that 
region,  then  there  is  no  action  upon  it.    It  is  not  pulled  either  way, 

(To  be  continued,) 
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Pkn  of  EoKineB  and  Dynvnoa— Kidd«rpore  Inslnll&tion. 


Mein  Switchboard— Kidderpore  loatallation. 

The  contract  for  lighting  the  new  docka  at  Kidderpore,  I  Wharton,  aud  Down  Construction  Syndicate,  for  whom,  we 
•w  Galciitta,  has  been  placed  in  the  hands  of  the  lAing,  |  believe,  Mr.  Hitchcock,  their  en^neer,  is  about  to  proceed 
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SO  as  practically  to  fornt  one  continuation  of  tb«  pavement     ing-boxos.    Two  baulks  of  oak  are  firmly  bedded  in  the 
itself.  concrete  one  above  the  other,  and  form  the  fixed  parts  to 


Pia.  6.~StraiDinK  Piece  and  Joint  of  Strip  to  Cable  in  l'i| 


Cp:  N    C    R   Er.T;E;  ; 


Fio.  7. — Iniulatinj;  Box  in  Culverb  under  Roadway.     Longitudinal  Section,  nhowing  alternative  Byatems  with  York  stone  or  tion  and 

concrete  covering. 

At  certain  distancea  along — from  20  yards  up  to  100  I  take  the  strain  of  the  copper  strips.    Thesizeof  the  baulks  is 
yards  if  the  road  is  straight — provision  is  made  for  strain-  |  4in.by  4in.  for  ordinary  mains,  4tn.  by  6in.  for  mains  with 
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■nitable  depende  largely  upon  conditions  of  cost  and  of 
locality.  The  solid  aystem  will  in  moat  casea  be  the 
cheaper,  if  the  cable  is  for  a  certain  atipulated  transmiaeion 
of  current  which  will  nerer  be  exceeded,  or  if  the  demand  for 
current  is  known  or  can  be  estimated  closely,  so  that  neces- 
sity for  alteration  or  addition  ia  not  likely  b)  occur. 


rous  practical  details,  which  axe  bo  necessary  for  the  aucceaa 
of  any  system  of  distribution,  have  thua  been  worked  out 
as  the  result  of  actual  experience,  and  the  precautions  fully 
learnt  which  must  be  taken  to  ensure  high  insulation  and 
safe  and  uninterrupted  supply,  as  well  as  to  assure  ease  in 
laying  and  in  the  connection  of  branch  or  house  mains. 


FlO.  1. — Callender- Webber  System,  Descriptive  Section  of  Roadway  with  Electric  Mtuni  amongst  Oai  and  Water  Pipes. 


Fio.  1 


— De«orip(ive  Plan  showing  Feederg  and  Di»tribating  Maine  with  Service  aod  Feeder  Box. 


The  Callender- Webber  system  is  moat  suitable  for  central 
station  work  with  feeders  where  the  addition  of  other 
mains  as  the  demand  increases  will  be  certain  to  be 
required. 

Many  large  contracts  on  one  or  other  of  these  plans  have 
been  carried  out  in  all  parts  of  the  kingdom,  both  for  cen- 
tal station  distribution  or  for  feeders  at  isolated  installa- 
'ions,  and  also  in  combination  with  the  various  systems  of 
copper  mains  for  use  in  special  situations,    The  nume- 


We  will  first  describe  the  Callender- Webber  system 
of  underground  electric  mains,  this  being  the  system 
most  applicable  to  networks  of  new  central  stations 
likely  to  increase  in  size.  The  system  ia  the  out- 
come of  the  joint  inventions  of  the  Callender  Com- 
pany and  A^jor-General  Webber,  R.E.,  and  its 
esaential  distinction  lies  in  providing  a  solid  yet  insulat- 
ing protection  to  the  cables,  and  a  separate  way  or  passage 
for  each  cable  run. 
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S.  Supply  boxes,  for  the  supply  of  householders,  put  in, 
if  requind,  when  service  boxes  are  too  far  sway.  These 
Utter  are  usuHlly  ooDstnicted  of  cement  or  brick  built  round 
the  oonduit  after  it  is  laid,  so  that  the  conduit  is  cut  at  the 
point  most  convenient  for  tapping  the  cables. 


Mecaution  is  not  necessarv,  and  when  the  conduit  is  laid  a 
jointed  rod — loniethinK  like  a  sweep's  rod — can  easily  be 
pushed  through  from  box  to  box.  This  is  attached  to  a 
cord,  which  in  its  turn  is  drawn  through  and  pulls  in  a 
rope.  The  rope  is  attached  to  a  cable,  which  is  pulled  in 
either  by  a  number  of  men  hauline  or  by  the  aid  of  a 
winch.    The  ways  are  quite  Hmoote  inside,  and  500  or 


Post  Ofhce  Instalution.        Fiu,  1.— Engine  Room  Switch  Board.     Plan  i  Full  Six«.     Debuls  1  Full  Sifa, 


When  the  conduit  is  all  laid  and  the  various  boxes  pro- 
perlv  huilt,  the  drawin^-in  of  the  cable  itself  follows  next 
In  the  smaller  sizes  of  casing  a  cord  is  passed  in  as  the  con- 
duit is  laid.  The  mandrels  are  specially  made  with  a  hook 
at  the  end,  to  which  the  cord  is  fastened  as  each  length  of 
casing  is  laid  and  the  mandrel  withdrawn,  the  cord  is  there- 
fore drawn  through.    With  the  larger  sizes  of  holes  such  a 


600  yards  (^  mile)  in  one  length  of  cable  can  be  drawn  in 
without  any  great  difficulty.  Lenethi  such  as  these  would 
only  be  used  lor  feeders  or  for  supply  mains  In  the  country, 
and  for  town  supply  the  lengths  would  be  of  from  60  to 
100  yards,  or  often  less  where  the  demand  was  heavy  and 
service  boxes  numerous. 
The  cables  that  are  used  are  Calleoder  cablet  of  high 
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We  herewith  continue  the  illoBtn- 
tioDS  of  the  details  of  this  inatallation, 
and  shall  in  our  next  issue  consider 
the  work  as  a  whole. 

Fig.  6  shows  the  connections  of  the 
djnamo  switches,  and  Fig.  6  shows 
details  of  the  fuse-chamber  board. 

Fig.  ?  shows  the  elevation  of  the 
fuse-board  one-eighth  full  sice.  The 
details  (Fig.  6)  are  one  half  full  size. 

Fig.  8  anows  the  interchangeable 
dynamo  switch  one-quarter  full  aise. 


ELECTROLYSIS    OF  SILVER 
SALTS. 

BY  ALKZANDEK  WATT. 
(Continiud  from  paga  7.) 

In  the  follovring,  and  some  anbee- 
quent  experiments,  an  endeavour  waa 
made  to  determine  whether  it  would 
S      be  possible  to  obtain  a  satisfactory 
J      electrolyte  from  what  may  be  termed 
E      add  solutions,  in  contradiatinction  to 
^      the  ordinary  alkaline  solutions  used 
I     in  electro-plating,  which   could    be 
p      useful  for  some  purposes  in  the  elec- 
S     trodeposition  of  silver.     Well  know- 
"S      ing  the  difGculties  which  usually  pre- 
sent themselves  when  dealing  with 
such    solutions    electrolytically,  the 
subject  was  not  approached  without 
conudarable    misgivings.       Having 
been  successful,  however,  in  deposit- 
ing alloys   of   metals  from   mixed 
^      solutions    of    non-alkaline    metallic 
£      salts,   the  writer  indulged  a   faint 
hope  that   possibly  a  few  trials  in 
the  direction  indicated  might  lead  to 
more  or  less  favourable  results, 

13.  Sulphatt  of  Silver. — A  solution 
of  this  Bait  was  prepared  by  digest- 
ing moist  carbonate  of  silver  in  a 
moderately  strong  solution  of  sul- 
g  phuric  acid,  and  the  resulting  solution 
E  was  afterwards  diluted  with  water, 
o  the  proportions  of  acid  and  water 
g  being  600  parts  of  the  latter  to  each 
£  five  parte  of  the  former.  The  solution 
thus  prepared  waa  then  tried  with 
the  current  from  a  single  Daniell 
cell,  a  clean  brass  plate  being  used 
as  the  cathode,  when,  in  a  few 
moments  after  immersion,  the  plate 
received  a  film  of  a  golden-yellow 
colour,  the  deposit  gradually  becom- 
ing grey  and  of  a  granular  character, 
the  particles  of  which  fell  from  the 
plate  when  it  was  gently  moved  in 
the  bath.  When  the  phite  had  been 
immersed  for  about  10  minutes  or 
so,  spongy  metal  commenced  to  form 
at  its  lower  comers.  A  further 
addition  of  water  waa  then  made  to 
the  solution,  and  a  newly  prepared 
plate  immersed,  but  even  in  this  very 
weak  solution  the  metal  still  refused 
to  deposit  in  the  reguline  form,  with 
the  exception  of  a  Uiin  film  of  white 
metal,  which  in  each  case  was  found 
attached  to  the  plate  after  the  non- 
reguline  deposits  had  been  removed. 
A  solution  of  the  sulphate  was 
next  prepared  by  doulue  decom- 
position, from    mixed    solutions  of 
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Bheatb  in  the  trough,  is  one  that  ensureB  an  absolutely  safe 
and  constant  inaalation,  on  which  faults  are  unlikely  to 
appear.  BepairSiThennecessaryiiireeaailyandrapidlyEude. 
Altogether,  it  forms  one  of  the  most  trustworthy  and  satisfac- 
tory methods  of  placing  cables  underground,  and  has  a 
certainty  of  being  more  permanent  and  lasting  than  most 


having  been  filled  nearly  to  the  level  by  bitumen,  is  covered 
by  a  layer  of  cement  In  others  the  trough  is  covered  in 
with  cast-iron  lids.  The  thickness  of  the  metal  is  from 
Ain.  to  Ain.,  varying  with  the  size  of  the  trough  and  the 
liability  of  the  soil  to  disturbance.  These  iron  troughs  are 
made  in  lengths  of  6ft.,  having  socket  pieces  coat  on  one 
end,  so  that  when  fitted  together  the  surface  inside  the 
trough  is  of  one  level.  For  carrying  the  mains  round 
comers,  and  for  changing  levels  at  crossings,  circular  pieces 
and  curved  troughs  are  made,  but  considerable  deviation 
from  the  Btraighi  line  is  possible  with  the  ordinary  type. 

In  country  roads,  and  in  places  where  wood  is  plentiful, 
troughs  of  sound  timber  are  often  substituted  for  those  of 
cast  iron,  care  being  taken  to  select  wood  which  will  stand 
underground  without  rotting.  The  planks  should  not  he 
leas  than  jin.,  and  the  lid  should  be  of  lin.  stuff.  It  is  not 
advisable  to  use  creosoted  wood,  as  the  action  of  the  pro- 
ducts of  coal-tar  distillation  are  found  to  be  injurious  to 
nearly  every  fonn  of  dielectric. 

Bnck  and  cement  trenches  are  occasionally  used  for 
specif  situations,  but  they  are  expensive,  and  offer  no 
advantages  over  those  of  cast  iron. 

The  ordinary  shapes  and  sizes  of  mains  on  the  Callender 
solid  system  are  shown  in  Fig.  1,  which  comprises  sections 
of  four-way  and  six-way  insulated  mains,  laid  in  bitumen  in 
iron  troughs  and  covered  over  at  the  top  with  cement. 

A  very  usual  case  in  a  distributing  network  is  where  a 
pair  of  heavy  feeders  to  a  distant  point  are  run  along  with 
the  distributing  mains  in  the  same  trough.     This  arrange- 


FlO.  1. — CaUender  Solid  STstem  of  UndergroDnd  Mains.     S«atiaiiB  of  4  and  S-way  mains  in  troagh  with  cement  o< 


of  the  other  parts  of  an  electric  lighting  plant     The  work 
of  laying,  once  done,  is  thorough  and  complete. 

The  troughs  for  the  mains  are  made  of  cast  iron.  For 
town  work  this  is  especially  preferable,  as  it  offers  a  perma- 
nent protection  from  the  picks  of  workmen  of  other  com- 
paniee.     In  some  cases  the  upper  surface  of  the  trough 


ment  is  shown  in  Fig.  2.  In  both  cases  the  position  of  the 
cables  in  the  trough  is  kept  by  bridges  of  hard  bitumenised 
wood  of  the  shape  shown,  which  are  first  thoroughly 
dessicated,  and  then  saturated  with  bitumen.  These 
prevent  the  cable  from  touching  the  bottom  of  the  trough, 
or  of  accidentally  shifting  their  relative  positions. 
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UNDERGROUND  MAINS.— V. 

THE   BBOOES   SYSTEM. 
(OonHnued  fnm  page  2^2.) 
Johnson  and  Phillips  have  made  eeveral  very 
Mvere  teite  of  the  system  at  their  works,  and  continue  to 
have  the  strongest  convictions  that  it  is  a  reliable  and 
flffident  one.    A.  line  of  700ft.  in  length  was  laid  doivn  at 


searching  tests  of  the  line  have  been  made,  and  on 
many  occasions  six  of  the  wires  have  been  grouped  into 
two  circuits  of  three  wires  each,  and  a  Kapp  alternator 
giving  2,000  volts  has  been  connected  to  one  end  of  the 
line,  and  a  group  of  incandescent  lamps  lighted  at  the 
other  end  for  several  hours  continuously.  Measurements 
made  before  and  after  the  run  showed  no  fall  in  the  insula- 
tion, and  it  must  be  remembered  that  in  this  case  a  pressure 
of  2,000  volts  was  exerted  between  wires  whose  covering 


Fio.  7. — JQDotlon  Box,  Brooks'  Syetem.    Plan  and  Section. 


Charlton,  under  the  supervision  of  Mr.  David  Brooks,  who 
visited  this  country  in  order  to  convey  to  Messrs.  Johnson 
and  Phillips  his  past  experiences  in  the  carrying  out  of  his 
method.  The  cable  consisted  of  seven  No.  18  wires,  each 
wire  double  cotton-covered,  and  braided  with  cotton  twisted 
into  a  cable  and  braided  over  all;  this  length  of  cable  was 
drawn  into  a  lin.  iron  pipe,  and  the  whole  system  filled 
with  hot  fluid  dielectric.  The  line  has  now  been 
t/own  /m"  aboat  two  yean,  and  it  is  to-day  as  perfect 
«*  wAaa  £rat  eompleted.      Dun'ng   the    interval    many 


of  cotton  did  not  exceed  ^Vi"-!  intimately  twisted  together. 
Some  details  of  the  tests  made  at  the  time  upon  this  line 
were  given  in  our  issue  of  September  20,  1889. 

Another  line  was  afterwards  put  down  at  Charlton,  one- 
tenth  of  a  mile  in  length,  containing  two  cables,  each  of  ''j^^ 
wires,  braided  with  a  fibre  to  a  diameter  of  about  |m. 
These  were  drawn  into  the  pipe  in  two  lengths,  and  the 
whole  system  filled  with  dielectric.  This  line  has  frequently 
had,  under  the  direction  of  Mr.  Ka^p,  a  pressure  oE  14,000 
volts  for  five  hours  at  a  time  u^wn  it    The  test  was  made 
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UNDERGHODND  MAINS.— V. 

TEE   BROOKS   SYSTEM. 

(Concluded  from  page  266.) 

The  ^neral  schema  of  the  uae  of  the  Brooks  system  for 

public  lighting  at  Hong  Kong  is  shown  in  Fig.  9,  where  the 


is  shown  in  the  illustration — and  then  up  vertical  pipes  again 
to  the  overhead  wires. 

The  details  of  the  junction-box  and  insulator  for  the  top 
of  the  posts,  where  the  overhead  and  underground  wires  are 
connected,  have  been  carefully  worked  out  by  Messrs.  John- 
son and  Phillips,  and  are  shown  in  Fig.  10.  The  wires  are 
pulled  through  the  box,  and  the  ends  soldered  together  and 


"3 


overhead  lines  are  seen  coming  to  tall  posts  bearing  insula- 
tors with  an  arc  lamp  above  the  wires.  In  the  crowded 
streets,  where  overhead  wires  would  not  be  advisable,  the 
high-preeaure  wires  for  the  arc  lamps  in  series,  carrj^ing 
2,000  volts,  are  taken  down  and  uoder  the  streets  in  iron 
pipes  filled  with  the  Brooks  liquid  insulation,  are  then  run 
alongthe  streets  and  up  a  series  of  lampposts — one  of  which 


insulated,  and  a  screw  cap  fixed  over  them.  The  overhead 
line  pasEea  to  an  insulator  specially  adapted  for  oil  insula- 
tion. The  underground  mains  descend  an  ordinary  pipe, 
and  the  whole  is  filled  up  with  oil  insulation. 

We  now  pass  to  another  and  important  application  of  the 
Brooks  system. 

The  prominence  that  is  being  given  to  high-pressure 
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to  a  rod  projecting  inside  the  otber  box.  fi&ch  box  is  lined 
with  pftnffln  wax  and  filled  with  mercury.  In  case  of 
heating,  the  paraffin  malts  and  floats  to  the  top  of  the 
merenry,  which  establishes  a  contact,  and  puts  the  switches 
otit  of  action  and  puta  transformers  into  circuit. 

The  method  of  actuating  the  apparatus  is  seen  in  Fig.  2. 
A  double  relay  is  provided,  placed  in  the  secondary  circuit 
of  the  fixed  transformera.     As  soon  as  the  current  exceeds 


mistake  will  be  corrected  by  the  apparatus,  as  die  circuit 
will  break  at  the  relay,  and  the  machinery  will  cease  to 
act.  The  magnet  for  taking  out  transformers  is  actuated 
in  a  pi^cisely  similar  manner  by  the  other  part  of  the 
relay,  which  acts  when  the  current  in  the  fixed  transforuiem 
falls  to  less  than  half  load. 

In  order  to  test  the  practical  value  of  this  apparatus,  a 
plant  of  !,9.')0  Sep.  lighta'  caiiacity  was,  by  the  courtesy 


A/.' 


stm/   S^ 


,1%  \ 


full  load  a  contact  is  miidc,  and  a  small  current  in  sent 
through  one  of  the  nmj^nets  of  the  apparatus  along  a  wire 
to  the  ceiiti-al  station,  where  it  passes  throui^h  ii  choking 
coil  ami  bell.  On  the  I>gI1  ringing,  the  attendant  knows  timt 
mure  ti-aiisformct's  must  be  put  in, and  licputaclown  iiHwitch, 
which  short-circuits  the  chokitift  coil  and  I>ell,  and  allows 
a  sufliciont  current  to  pass  to  actuate  the  magnet  and  put  a 
sutticient  tuunticr  of  xwitchcK  in.  If  the  attendant  should 
in;ulvui'tent1y   hold  down    liis   contact-key   too    lon^',    the 


of  the  Dnish  Company,  ci'cctcd  iu  their  works,  and  con- 
nccto'l  to  ti-unsformevH,  kindly  lent  for  the  ex|ierimont  by 
the  Mctni|KiUtan  Klectvic  Supply  Com]iany. 

The  plant  was  (irst  run  for  2+  hours  with  the  trans- 
fiiimers  connected  in  Che  oiilinary  manner,  and  then  for  34 
hiinrK  with  thciii  connected  through  the  Tonilinson  re^ni- 
lut.c>r,  anil  <'iial  and  water  were  measured  throughout  the 
ex|icnmonts  As,  owing  to  the  tem|>orary  arrangement  of 
the  engines,  the  wu.sie  of  jiower  iu  friction  was  consider' 
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Thia  ia  taken  without  reference  to  preBsure,  in  proportion 
to  the  length  laid.  The  coat  of  the  lovpresaure  feeders 
hu  been  carefully  taken  out  in  accordance  with  our  London 
practice,  and  that  of  the  high-pressure  feeder  has  been 
taken  out  from  estimates  received  from  cable  and  trans- 
fwmer  makers.  I  believe  that  these  figures  may  be  said 
to  be  sufficiently  correct  to  make  the  comparison  a  fair 
one ;  at  any  rate,  I  think  no  one  will  venture  to  aay  that 
either  the  first  cost  or  upkeep  ia  taken  at  too  high  a  figure. 
For  the  purposes  of  my  argument  they  are  sufficient  to 
show  that  100-kilowatt  feeders  of  2,400  yards  long  cannot 
be  put  down  at  less  tfaan  £1  a  yard,  and  cannot,  including 
transformers,  be  maintained  at  less  than  2s.  4d.  a  jud  per 
annum, 

SOME   RESEARCHES  IN   ELECTROMAGNETIC 
INDUCTION.* 


{Cmelitded from pagt  SOS.) 

3  you  the  actual  figures  of  s 


I 

-JO 1 


Table  II. — Magnet  Bar  Iron. 
Avarage  length  =  35  cm.     Sectional  area  =  '977  sq.  t 


12I.'i 

-U-95 
15-55 


Tabtjc  IIa.— Same  Ring,  Small  Cycle. 


— Charoool  Iron,  with  Scale  oi 


15-2 
13-2 
11  a 


Tabli  IIIa.— Sane  King,  Scale  removed  by  Acid. 


15'S 


-15-2 


The  apparent  increase  in  permeability  is  accounted  for  eiactlr 
b;  supposing  tho  scale  to  have  no  permeability.  Its  removal 
decreaaes  the  area,  and  therefore  increascB  the  apparent  B. 

Not«  in  the  second  curve,  No.  IIIa,  the  diBplocement  of  the  carve 
with  r^ard  to  the  zero  of  magnetising  force.  Wo  have  not  been 
[ihenomenon   satis fac tori ly.      Wo 


t   being  II 


able  hilTiei 
have  found  it 

cases  very  lai^e.  It  is  porhajw  due  t«  a  liiaa  in  the  iron  produced 
by  a  previous  very  high  magnetising  force  in  the  direction  of 
dieplace-nent. 

Tablk  IIIb.— The  same  Material,  another  Ring.     Average  Forc«- 
luduction  Curve,  obtained  by  Reveraals,  for  High  Magnetising 
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H 

B 
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H 

« 

1 

10-0 

12-0 

6 

96-0 

I5B 

2 

200 

1.1-4 

7 

110-0 

16-0 

a 

39-8 

14-4 

S 

132-0 

18-4 

4 

61-2 

15-1 

» 

158 -0 

18-0 

5 

ua 

15-6 

10 

1790 

16  8 
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TABLE  I.— Formulas  for  Elbctrical  Devices  in  Multiple  Aita 


E>iKM!.F.  of  generator  in  volta. 
e=         „        aevice        „ 
C  -  Current  in  amperes. 
cp.  -  Candle-power  of  lamps  at  normal  E.M.F. 
T.cp.  =Total  candle-power  of  lampe. 


V  =  Loss  of  E.M.F,  in  conductor  (in  vcdts). 
9  =  Coat  in  dollars. 

L  =  Cost  of  copper  per  pound  in  cents. 
W  •=  Watts  per  candle-power. 
T  =  Weight  of  wire  in  pounds. 


0.h.p.  =  Candle-power  per  electrical  hoi^e-power  at  normal     P  =  Efficiency  of  device. 


E.M.F. 

M  =  Area  of  cross-section  of  wire  in  circular  mils. 
D  =  Mean  distance  current  is  transmitted  one  way. 


jp  ■>  Percentage  loss  in  conductors. 

Q  =  Cost  of  generator  per  h.p.  delivered  by 


Conductors,  as  Determined  by  Losses  Therein. 


Weight 


Cost 


e-         :::;^or  100-Tolt  lamps, 
ji  .'    4 '66  watts  per  c.  p. 

I  v^For     UO-volt    3-1 

8  . .      watt  lamps  ... 

I      < 

S  '.General  cases  ... 

For  lOO-Tolt    i- 
watt  lamps  ... 

'.^For    no-volt    31 
For  any  case.. 


For  power  at  motor  pulley  . 


For  minimum  total  initial  cost 
of  plant 


„_T.c.p.xDxl6,000 
exVxC.h.p. 

M  ^  T.c.p.xDxWx21  -5 


w,T.c.p.xDx2 
3xV 


J  of     corresponding    two- 


V.<«x0.h.p.x  1,000 

„    D'xWxT.op. 

Vx«x  746,000 

r        ISxTcp. 

Vx  16,000,000 

T,        D'xT.cp. 

\  J  of  corresponding  two-wire 


,_      D'xT.cp-xL 
Vx«xC.li.p.x  1,000 

,    D'xWxT.c.p.xL 
Vx  ex  746,000 

,    D'  X  T.cp.  X  L 
Vx  16,000,000 

.    D'xT.cp.xL 
Vx  24,000,000 


J  of  corrasponding  two.wire 


„     D  X  H.P.  X  1,600 


D'xH.P. 
VxexlOxP 


Coat  of  generators  for  mini- 
mum total  initial  cost  ' 
plant 


Vxexl,0OOxP 

GxExVGxpxlOO, 

(E-V)'       (100-J.)> 

dollars  per  h.p.  delivered  by 

conductor. 

100  G  ^  dollars  per  h.p.  deli- 
100  -  p  "^  vered  by  conductor. 


With  the  electric  drill  the  motion  is  free  from  any  jar, 
as  there  are  no  reciprocating  parts,  and  the  speed  can  be 
made  absolutely  constant  under  any  condition  of  load  up 
to  the  full  load.  The  speed  of  the  drill  rod  can  be  made 
anything  desired  up  to  several  thousand  revolutions  per 
minute  if  desired,  and  under  any  conditions  of  speed  above 
1,600  [ler  minute  there  would  be  no  gears  whatever.  The 
weight  of  the  electric  diamond  drill  is  for  the  same  power 
muMi  less  than  that  of  the  steam  diamond  drill,  and  the 
space  occupied  is  in  a  direct  line  with  the  hole  and  is 
(nctremely  small  in  amount. 

The  drill  can  be  operated  from  any  existing  electric  light 
circuit,  and  the  current  for  it  can  be  supplied  at  two  miles 
distance  from  the  source  of  power  by  wires  of  size 
10  B.W.G.  having  a  diameter  of  about  ^in.  The  drill 
can  be  carried  whenever  a  man  can  carry  351b.,  which  is 
the  weight  of  the  heaviest  single  piece,  and  hence  can  be 
■et  up  and  operated  in  the  most  inaccessible  places. 

It  will  be  evident  that  for  prospecting  work,  when  a 
certain  territory  is  to  be  explored,  this  drill  is  particularly 
adapted.  Starting  from  a  convenient  and  economical 
lource  of  [rawer,  we  can,  if  desirable,  lay  our  wires  along 
the  surface  of  the  ground,  and  in  a  very  few  hours  can  bo 
operating  our  drill  miles  off.  We  can  then  reel  up  our 
wire  and  lay  it  again  in  an  exactly  opposite  direction,  and 
again  be  in  operation  at  perhaps  five  or  ten  miles  distant  in 
the  course  of  a  few  hours  more.  In  laying  the  wire  a 
Btngde  of  horaei  yoktd  abraut  and  carrying  a  reel  are  all 


Conductors,  as  Dbtermined  by  Safe  Heating, 


15°  C 

M-C/ 
M  =  C/ 
M  =  CV 

M = py 

M  =  C/ 
M-CV 
M=CV 

3x200 

45°  C.     . 

3   X    100 

Average  insulated  copper! 

15'  C 

x  150 

35°  C 

3  X  100 

45*  C 

3  X  608 

that  is  necessary.  For  operating  at  a  distance  of  one  mile 
in  any  direction  the  diameter  of  the  wire  necessaiy  is  but 
yijin.,  and  the  total  weight  of  the  wire  only  3401b. 

The  facility  with  which  prospecting  antl  also  drilling  for 
!)ermanent  works,  such  as  mines  and  quarries,  can  be  done 
with  this  drill,  will  no  doubt  lead  to  its  rapid  and  general 
use.  There  is  every  reason  to  expect  that  with  the  electric 
diamond  drill  the  speed  of  rotation  of  the  drill  can  be  very 
greatly  increased,  with  a  consequent  increase  in  the  rate  m 
drilling  which  will  be  of  the  greatest  practical  imporUoce. 
An  Electric  Drill  for  Mbfal  Work. 

The  Edison  General  Electric  Companv  have  a  third  kind 
of  drill,  which  is  a  rotary  high-apaod  dciU,  having  a  aolid 
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supplied  by  the  company,  we  find  that  the  receipts 
for  the  past  13  weeks  are  just  over  £10,000.  If  this 
average  is  continued,  it  gives  the  dE40,000  income 
mentioned  by  the  chairman  at  the  extraordinary 
general  meeting  held  on  Tuesday.  While,  how- 
ever, it  is  possible  to  check  the  income,  it  is 
not  so  easy  to  check  the  expenditure.  This 
income  of  jE40,000  is  estimated  to  realise  a 
profit  of  JG12,000,  but  it  will  be  perceived  that 
the  profit  is  an  estimate  only.  The  public,  or  the 
shareholding  public  asked  to  provide  further  capital, 
should  be  supplied  with  fuller  information.  It  may 
be  assumed  that  with  a  regular  and  comfortable 
service  the  number  of  passengers  will  gradually 
increase,  and  also  the  income.  There  requires  to  be, 
however,  a  very  large  increase  of  profit  before  a  fair 
dividend  is  paid  to  the  shareholders,  and  this  profit 
will  be  obtained  only  upon  the  supposition  that  the 
profit  increases  in  much  greater  ratio  after  a  certain 
income  is  obtained  up  to  the  point  of  full  capacity  of 
plant. 


CORRESPONDENCE. 


FIRE. 

Sir, — The  electrical  department,  including  drawing-office 
and  testing-room,  of  Messrs.  Barnett,  Wynne,  and  Barnard, 
electrical  engineers,  Newcastle-on-Tyne,  was  entirely  de- 
stroyed by  fire  on  Saturday  afternoon  last. 

All  drawings,  and  many  electrical  instruments,  stored 
there  prior  to  being  removed  to  their  new  works,  now 
building  at  Walker-on-Tyne,  were  destroyed,  and  great 
inconvenience  is  temporarily  experienced. — Yours,  etc., 

Barnktt,  Wynne,  and  Barnard. 

92,  Quayside,  Ncwcastle-oii-Tync,  June  IG,  1891. 


THE  USE   OF   MATHEMATICS. 

HY   SYDNEY    F.    WALKER. 

Probably  there  is  no  more  serious  bone  of  contention 
between  the  men  whose  lot  it  is  to  carry  out  work, 
especially  in  couTiection  with  electrical  engineering,  and 
those  who  think  out  the  principles  upon  which  that  work 
must  be  arranged  if  it  is  to  be  successful,  than  the  use  of 
matheniiitics.  Practical  men  have  an  inci[)ient  distrust  of 
long  expressions,  and  they  are  apt  to  shirk  reading  the  able 
papers  of  our  eminent  scientists  when  they  espy  the  scpiare 
root  sj^mbol  covering  expressions  of  many   terms,  or  the 

equally  ominous      ' .      And,   with  every  respect  for  the 

(/  y 

invaluable  work  which  has  been  done  by  mathematicians, 
the  practical  engineer's  distrust  is  not  altogether  mis- 
placed. In  almost  every  mathematical  expression  that  is 
used  in  the  j)apers  before  referred  to,  there  lurks  an 
innocent  -  looking  term  or  factor  written  sometimes  a, 
sometimes  /i,  and  sometimes  as  some  other  letter. 
The  innocent  nearly  always  represents  what  is  play- 
fully termed  "  a  constant"  and  the  whole  bearing  of  the 
expression,  however  complicated,  or  however  simple,  turns 
upon  whether  the  value  of  this  arbitrary  amsfant  is  correct. 
The  general  reader  and  the  practical  engineer  are  rarely 
permitted  to  see  how  the  value  of  the  constant  has  been 
arrived  at.  Further,  though  the  men  who  wield  these  awful 
creations  with  such  ease  are  looked  up  to  with  the  greatest 
deference  by  the  practical  engineer,  there  is  always  a 
lurking  doubt  in  his  mind  whether  the  eminent  ones 
may  not  possibly  have  lost  their  wa}  in  the  haze  of 
figures  and  symbols  that  they  have  created.  There 
is  a  very  old  story  told  of  how  a  man  who  was  not 
a  highly- trained  mathematician,  obtained  the  reputa- 
tion  of   being  one.     He  was   walking  with   a  friend   to 


whom  mathematics,  the  very  highest  and  deepest,  were  as 
ABC,  and  his  friend  was  detailing  to  him  the  particulars 
of  an  intricate  problem  that  he  had  just  solved.  The  non- 
mathematician,  it  need  hardly  be  said,  did  not  follow  his 
friend's  argument,  but  there  came  a  point  in  the  narration 
of  the  problem  when  some  response  was  needed. 

"  And  thus,  you  see,  we  have  a;,"  said  the  mathemat. 
"  Humph  I"  said  his  friend,  "  have  we  ?"  really  not  caring  a 
straw,  and  not  knowing  what  on  earth  was  meant  by 
having  got  hold  of  x.  The  interrogation,  however,  set  the 
mathemat  thinking.  "  Let  me  see,  have  we  got  x  after 
all  ?  No  ;  to  be  sure,  you  are  right.  So  and  so ;  we  have 
not  got  a:,"  and  thereupon  he  went  over  the  whole  ground 
again,  having  discovered  that  he  had  made  a  trifling  error 
in  the  earlier  part  of  the  solution,  and  crediting  his  friend 
with  having  detected  it.  Most  of  us  remember,  too, 
what  trouble  has  been  caused  us  when  making  algebraical 
calculations,  by  that  error  we  so  often  made  of  putting 
down  the  wrong  sign  between  two  terms  of  an  expression, 
and  we  cannot  therefore  help  feeling  that  possibly  a  wrong 
sign  may  be  hidden  in  the  middle  of  one  of  those  elaborate 
calculations,  and  that  in  consequence  the  practical  work  we 
are  designing  upon  it  may  turn  out  all  wrong. 

On  the  other  hand,  those  of  us  who  think  at  all  have  a 
feeling  that  a  mathematical  training  is  of  immense  service 
to  a  youngster  who  is  going  in  for  any  branch  of  engineering. 
Yet  we  should  often  be  extremely  puzzled  to  give  a  man  of 
the  old  rule-of-thumb  type  a  really  satisfactory  reason  for 
our  faith.  We  have  often  been  told,  usually  by  outsiders 
it  is  true,  to  confine  our  calculations  to  the  space  occupied 
by  a  postage  stamp,  and  it  is  also  true  that  no  very  deep 
study  of  mathematics  is  necessary  for  the  proper  appreciation 
and  use  of  Ohm's  law,  it  is  often  therefore  not  at  all 
easy  to  convince  the  father  of  a  would-be  electrical  engineer 
that  he  should  keep  his  son  at  school  or  college  long 
enough  to  acquire  a  knowledge  of  the  higher  mathematics. 
When,  therefore,  an  opportunity  does  occur  of  pointing 
the  moral  by  an  actual  example,  an  apology  will  hardly 
be  needed  for  bringing  it  forward. 

The  above  reasoning  occurred  to  the  writer  when  listening 
to  Mr.  Swinburne's  paper  on  "  Transformer  Distribution," 
at  the  Institution  of  Electrical  Engineers,  and  the  following 
example  of  the  living  use  of  an  acquaintance  with  mathe- 
matics was  furnished.  In  the  course  of  his  paper,  Mr. 
Swinburne  proceeded  to  trace  the  difference  in  the  behaviour 
of  large  and  small  alternators  when  running  in  parallel,  with 
reference  to  the  effect  of  the  reaction  of  the  armature  upon 
the  field  and  the  lagging  current,  and  brought  out  the  fact,  as 
stated  by  him,  that  taking  the  current  in  the  armature  in 
two  quantities — viz.,  that  which  lags  and  that  which  does 
not — the  power  wasted  in  the  armature  depends  upon  the 
resistance  of  its  coils  multiplied  by  the  sum  of  the  squares 
of  the  two  currents,  not  on  the  resistance  multiplied  by  the 
square  of  their  sum  ;  or  as  r  (C-  -f  c-),  not  as  r  (C  +  c)-.  To 
an  outsider  the  above  would  look  like  a  mere  play  upon 
words,  and  even  to  men  accustomed  to  the  use  of  figures, 
its  full  significance  is  by  no  means  apparent  at  first  sight, 
but  on  expanding  the  expression  (0  ■\-  c)*-  into  its  form 
C-  +  2  C  c  -f  r/-,  the  difference  between  the  two  is  seen  at 
once.  It  consists  of  twice  the  product  of  the  two  currents, 
which  may  under  certain  conditions  amount  to  a  consider- 
able figure. 

Other  cases  of  this  kind  may  no  doubt  frequently  be 
met  with  if  one  is  only  on  the  lookout  for  them. 

To  those,  also,  who  have  thought  about  the  matter, 
many  instances  will  occur  not  readily  translatable  into 
living  cases,  where  a  mathematical  training  is  of  immense 
service.  What  tends  more  than  the  study  of  Euclid  to 
produce  the  calm  judicial  mind  that  is  necessary  not  only 
for  the  pure  scientist,  but  for  the  engineer,  and,  perhaps, 
above  all,  for  the  man  of  business  ? 

Or,  again,  how  much  easier  it  is  to  appreciate  and  to 
provide  for  the  bearing  that  the  independent  actions  of 
various  parts  of  an  apparatus  have  on  each  other,  and  of 
the  bearing  that  various  independent  units  in  a  business  have 
on  each  other,  after  a  mathematical  training;  though  possibly 
neither  into  the  engineer's  mind,  nor  into  that  of  the 
business  man,  does  the  thought  of  a  mathematical  expres- 
sion enter.  Daily,  hourly,  those  of  08  who  ire  engaged  in 
engineering  of  every  braois  ^Seotetoitl 
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Section. 


AAtoB 
BtoC 
CtoX 
XtoXG 
XGtoG 
OtoH 
HtoHK 
HKto  JQ 
JQto  J 
JtoK 
KtoKO 
JQtoN 
NtoM 
MtoJ 
MtoL 
LtoK 
KOtoO 
OtoP 
PtoJP 
JtoJP 
PtoQ 
QtoQQ 
JPtoR 
AtoQ 
JQtoS 
StoP 
HKtoVW 
VWtoT 
TtoTT 
TtoS 
NtoU 
UtoE 
EtoD 
DtoC 
EtoF 
FtoO 
FtoV 
Vto  W 
WtoD 
WtoX 
BtoY 
y  toZC 
ZCtoZD 
ZDtoZE 
ZE,  ZF,  ZC 
ZCtoZA 
ZA  toZB 
ZAtoZ 
ZtoY 
BBtoQQ 
CCtoG 


B.— DETAIL  OF  COST  OF  CULVERTS,  ETC. 


Distance 
in  yards. 


1,800 

550 

76 

275 

300 

400 

100 

200 

150 

150 

100 

100 

150 

100 

150 

100 

80 

175 

75 

80 

250 

150 

250 

75 

350 

150 

100 

250 

250 

125 

275 

700 

200 

110 

175 

175 

200 

76 

75 

100 

176 

100 

50 

350 

500 

125 

100 

100 

125 

2,600 
150 


Ist  Scheme. 


£ 
1,800 
650 

76 
276 
300 
400 
100 
200 
160 
150 

91 

91 
137 

91 
137 
100 

73 
160 

68 

73 
228 
137 
228 

68 
320 
150 
100 
250 
228 
126 


8.  d. 

0  0 

0  0 

0  0 


0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 


10  0 

10  0 

0  0 

10  0 

10  0 

0  0 

0  0 

0  0 

10  0 

0  0 

0  0 

10  0 

0  0 

10  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 


2nd  Scheme. 


£ 
1,800 
560 
76 
276 
276 


8.  d. 
0  0 


0 
0 
0 
0 


0 
0 
0 
0 


3rd  Scheme. 


200  0  0 

110  0  0 

160  0  0 

160  0  0 

182  0  0 

68  10  0 

68  10  0 

91  10  0 

176  0  0 

100  0  0 

45  15  0 

320  0  0 

455  0  0 

115  0  0 

91  10  0 

91  10  0 

115  0  0 


£ 
1,800 
660 

86 
316 
300 
400 
100 
230 
160 
160 

91 
100 
137 

91 
137 

91 

73 
160 

68 

73 
228 
137 
228 

68 
320 
160 
100 
250 
228 
125 
275 


8.  d. 
0  0 
0  0 


5 
0 
0 
0 
0 


0 
0 
0 
0 
0 


0  0 

0  0 

0  0 

10  0 

0  0 

0  0 

10  0 

10  0 


10 
0 
0 

10 


0 
0 
0 
0 


4th  Scheme. 


£   8.  d. 


0  0 

0  0 

10  0 

0  0 

10  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 


£6,858  10  0 


200  0  0 

110  0  0 

160  0  0 

160  0  0 

182  0  0 

68  10  0 

68  10  0 

91  10  0 

175  0  0 

100  0  0 

46  15  0 

320  0  0 

455  0  0 

115  0  0 

91  10  0 

91  10  0 

115  0  0 


182  0  0 

137  0  0 

150  0  0 

91  10  0 

91  10  0 

137  0  0 

91  10  0 

137  10  0 

91  10  0 

73  0  0 

160  0  0 

68  10  0 

80  0  0 

228  0  0 

160  0  0 

260  0  0 

76  0  0 

320  0  0 

160  0  0 

100  0  0 

250  0  0 

228  0  0 

125  0  0 


6th  Scheme. 


£  8.  d. 

660  0  0 

76  0  0 

275  0  0 

346  0  0 

400  0  0 

100  0  0 

182  0  0 

160  0  0 

150  0  0 

91  10  0 

100  0  0 

137  0  0 

91  10  0 

137  10  0 

91  10  0 

73  0  0 

160  0  0 

68  10  0 

80  0  0 


6th  Scheme. 


8.  d. 


£5,524  5  0 


£9,764  0  0 


2,600  0  0 


£5,967  0  0 


228 
150 
290 
75 
320 
172 
115 
290 
228 
145 
276 

182 

100 

176 

176 

182 

68 

68 

91 

176 

100 

45 

320 

465 

115 

91 

91 

115 

2,600 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 

0 

0 

0 

10 

10 

10 

0 

0 

15 

0 

0 

0 

10 

10 

0 

0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


560 
75 
315 
346 
400 
100 
200 
150 
137 
100 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


91  10  0 

137  0  0 

91  10  0 

137  10  0 

91  10  0 

73  0  0 

160  0  0 

68  10  0 

73  0  0 

228  0  0 

137  10  0 

228  0  0 

68  10  0 

360  0  0 

137  0  0 

91  10  0 

228  0  0 

228  0  0 

114  0  0 

276  0  0 


182 
100 
176 
176 
182 


0 
0 
0 
0 
0 


£10,696  15  0 


68  10 

68  10 

91  10 

176  0 

100  0 

46  16 

320  0 

455  0 

115  0 

91  10 

91  10 

115  0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


300  0  0 


£8,232  5  0 


F.— SUMMARY  OF  COST  OF  CULVERTS,  ETC. 


— 

Ist  Scheme. 

2nd  Scheme. 

3rd  Scheme. 

4th  Scheme. 

5th  Scheme. 

6th  Scheme. 

Summary  of  cost  of  mains — 
CuWertB 

£      8.   d. 

6,858  10    0 
965    0    0 
850    0    C 

7,650    0    0 

£       8.   d. 
5,524    5    0 

925    0    0 
2,585    0    0 
2,520    0    0 

£      8.   d. 

9,764    0    0 

2,280    0    0 

3,645    0    0 

10,080    0    0 

£      8.   d. 

5,967    0    0 
965    0    0 
693    0    0 

6,090    0    0 

£        8.   d. 

10,696  15    0 
2,280    0    0 
3,533    0    0 

12,380    0    0 

£      8.   d. 
8,232    5    0 
2,280    0    0 
2.763    0    0 

CoDDer  in  network 

Feeders 

Charfirin&r  mains  

685    0    0 

Total  

£16,323  10    0 

£11,554    5    0 

£25,769    0    0 

£1.3,715    0    0 

£28,889  15    0 
Error 

C'Orrect  total 

£13,960    5    0 
685    0    0 

£14,645    5    0 

With  maximum  load  of 

500  amperes. 
11 '25  per  cent. 

650  ami)ere8. 
9*9  per  cent. 

1,000  amperes 
9*7  per  cent. 

500  amperes 
9*5  per  cent. 

1,000  amperes 
17 '25  per  cent. 

1,000  amperes 
5*65  per  cent. 

Loss  in  mains  =    

Increased  cost  due  to  1^.  rise  in  copper 

£1,125    0    0 

£720    0    0 

£1,905    0    0 

£922    0    0 

£2,170    0    0 

£682    0    0 

Length  of  culvert  for  charging  mains    ... 
Ditto                network 

3,475  yards 
3,685      ,, 

2,525  yards 
3,185     „ 

2,525  yards 
8,245     „ 

2,600  yards 
3,685     ,, 

3,325  yards 
8,245     „ 

1,025  yards 
8,245     .. 

Total  

7,160  yards 

5,710  yards 

10,770  yards 

6,285  yards 

11,570  yards 

9,270  yards 

Cost  of  service  boxes — in  mains  

£174    0    0 
367    0    0 

£126    0    0 
318    0    0 

£126    0    0 
825    0    0 

£129    0    0 
367    0    0 

£82    0    0 
825    0    0 

£61    0    0 

Ditto                    in  network 

825    0    0 

Total  

£541    0    0 

£444    0    0 

£951     0    0 

£496    0    0 

£907    0    0 

£876    0    0 

tion  of  engine-room  expenses  bv  placing  your  central  station  at 
Dalmamock,  the  point  at  which  fuel  is  cheapest.  On  the  smaller 
scale  of  production,  the  difference  is  only  '16  of  a  penny,  and  the 
lanrar  scale  of  production  only  '16d. 
Turning  to  Sneet  C,  it  will  be  seen  that  at  Glasgow  the  engine- 
xmk  expenses  bear  a  very  small  proportion  to  the  total  cost.    I 


have  assumed  in  Sheet  C  that  the  general  charges  will  remain 
fixed  through  a  very  considerable  range  of  output,  although  this  is 
not  strictly  correct,  as  no  doubt  the  siJariee,  law  and  offioe  charges, 
and  the  repairs  and  renewals  will  be  aomevhaii  kmer  when  tte 
plant  is  partially  worked  than  they  vomV 
its  full  capacity ;  but  as  the 


